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AN AMPLIFICATION CIRCUIT 



FIELD OF THE INVENTION 

The present invention relates to an amplifica- 
tion circuit and in particular to logarithmic video 
amplifiers for example which, in addition to the 
actual amplifier, include a radio signal detector and 
means for compensating the amplifier for variations 
in operating temperature. 



BACKGROUND OF THE INVENTION 

Logarithmic video amplifiers are described by 
Richard Smith Hughes in his book "Logarithmic 
Amplification" published by Artech House Incor- 
porated and given the International Standard Book 
Number 0-89006-182-3. An important application 
for logarithmic video amplifiers, as identified by 
Hughes, is that of direction finding, in which a 
plurality of antennas are mounted onto, say, an 
aircraft and the position of a radio source, such as 
a radar transmitter, is determined by comparing the 
strength of signals received by the antennas. Thus, 
it is important that all the amplifying circuits exhibit 
very similar responses to ensure that a processor, 
arranged to calculate position, receives reliable 
data. 

Radio signals from radar transmitters often 
consist of pulse modulated carrier waves having a 
frequency up to 20GHz. yielding baseband signals 
(after detection) of up to several hundred MHz. 
Signals occupying this band may be identified as 
"video" and relatively fast circuits are required to 
amplify signals of this type. Devices of this type 
with particularly wide bandwidths are also identified 
as wideband logarithmic video amplifiers (WLVA). 

A common problem with electronic circuits, 
and particularly those working with analogue sig- 
nals, is that their operating characteristics tend to 
change with variations in operating temperature. 
This problem is particularly relevant to WLVA's 
when used in direction finding equipment, because 
different circuits may be operating at different tem- 
peratures and different circuits (although construct- 
ed using similar techniques) may behave differently 
when operating at the same temperature. Tech- 
niques are known for compensating for temperature 
but these are complicated in logarithmic amplifiers 
which include many amplification stages, as de- 
scribed by Hughes. Temperature dependency be- 
comes even more relevant in video amplifiers 
which operate right down to dc and are hence dc 
coupled. As identified at page 74 of Hughes, dc 
output will drift with temperature at each amplifica- 
tion stage. Page 86 of Hughes goes on to say that 



each linear amplifier stage may have to be tested 
over temperature and then set for the best voltage 
offset, which is identified as being time consuming 
and costly. Thus, with conventional designs, the 
designer is often faced with trade-off between oper- 
ational bandwidth and temperature stability. 



SUMMARY OF THE INVENTION 

70 

According to one aspect of the present inven- 
tion, there is provided an amplification circuit com- 
prising detecting means for detecting transmitted 
radio signals having a frequency in the range 
15 0.5GHz to 20GHz, a wideband amplifier for am- 
plifying said detected signals, and temperature 
compensation means wherein said temperature 
compensation means includes a temperature sen- 
sor arranged to produce a temperature signal indi- 
20 cative of the temperature of said amplifier, sam- 
pling means for sampling said temperature signal, 
means for storing compensation parameters and 
processing means for supplying a plurality of com- 
pensation signals to said amplifier. 
25 According to another aspect of the invention 

there is provided an amplification system compris- 
ing a logarithmic amplifier and a temperature sen- 
sor integrated on the same fabrication, and a cali- 
bration circuit for sampling signals from the tem- 
30 perature sensor and for generating in response to 
the sampled signals compensation data to define 
parameters which control operation of the amplifier. 

The above and further features of the invention 
are set forth with particularly in the appended 
35 claims and together with * advantages thereof will 
become clearer from consideration of the following 
detailed description of an exemplary embodiment 
of the invention given with reference to the accom- 
panying drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic circuit diagram of an 
45 amplifier circuit embodying the invention. 

Figure 2 is a schematic circuit diagram of a 
wideband logarithmic video amplifier used in the 
circuit of Figure 1 . 

Figure 3 shows a housing for the circuit of 
so Figure 1. 

Figure 4 shows a plurality of co-operating 
housings. 

DESCRIPTION OF A PREFERRED EMBODI- 
MENTS ~ 
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An amplification circuit for use in a radio 
source direction system is shown in Figure 1 of the 
accompanying drawings. Radio signals in the range 
0.5GHz to 20GHz, emanating from a remote radar 
transmitter, are received by an antenna 14 and 
supplied to a detector and matching circuit 15. A 
video signal output from detector 15 is amplified by 
a wideband logarithmic video amplifier (WLVA) 16 
to produce an output voltage proportional to the 
power of the incoming signal, which may be cali- 
brated in decibels. The WLVA is constructed on a 
single chip, identified herein as an application spe- 
cific integrated circuit (ASIC) 17 fabricated using 
bi-polar technology to provide the necessary band- 
width and speed of operation. 

In addition to the wideband amplifier 16, the 
amplifier ASIC 17 also includes an output amplifier 
18, a comparator 19, and a temperature sensor 20. 
The temperature sensor 20 is of conventional de- 
sign, in which the resistance of a transistor, or a 
similar element, varies with temperature to provide 
an analogue temperature signal. Temperature mea- 
surement of amplifying circuits is known per se but 
fabricating the sensor 20 onto the same ASIC as 
the amplifier provides two significant advantages. 
Firstly, the amplifying circuits and the sensor are 
physically very close together so that the tempera- 
ture of the sensor (being the actual property being 
measured) will follow the temperature of the am- 
plifying circuits very precisely. Secondly, the sen- 
sor is constructed of similar material to that of the 
amplifying circuit and therefore its temperature 
characteristics will be similar to those of the am- 
plifying components. This second advantage is not 
as significant as the first in the present embodi- 
ment, because problems associated with compo- 
nent differences can in any case be resolved by 
the compensation technique to be described in 
detail hereinafter. However, it does remove an un- 
necessary burden from the compensation circuits 
thereby allowing them to provide compensation 
over a wider temperature range for the same pro- 
cessing power and memory capacity. 

Using conventional techniques, the ASIC 17 
could include circuits for compensating the WLVA 
16 in response to the temperature signal produced 
by the sensor 20. However, the scale of this prob- 
lem is not apparent until the nature of the WLVA 
circuits is actually considered. The WLVA is used 
to compress the dynamic range of the signal to 
facilitate digital processing and the logarithmic am- 
plification is therefore itself an essentially analogue 
process. Simple analogue components which pro- 
duce an output voltage proportional to the loga- 
rithm of the input power over a significant range 
and with the required bandwidth are not available 
so far as we are aware and a more sophisticated 
approach is therefore required. 



The WLVA 16 is shown in greater detail in 
Figure 2 of the accompanying drawings and con- 
sists of a plurality of amplification stages (1 to n) in 
which each stage has a linear amplifier A and a 

5 logarithmic response circuit L. Each logarithmic 
circuit L produces substantially no usable output 
current until an input voltage reaches a predeter- 
mined threshold; it then behaves logarithmically 
over a small range and then saturates so that, as 

/o input voltage increases further, the output current 
remains the same. The outputs from the logarith- 
mic circuits are added and supplied to an output 
amplifier 18 producing an output voltage which is 
proportional to the logarithm of the input voltage 

75 from the detector 15. 

In the circuit shown in Figure 2, an input volt- 
age Vin is supplied to cascaded linear amplifiers 
A1, A2 ... An wherein the output from each linear 
amplifier is greater than that of the previous stage 

20 by a predetermined factor. In operation, the first 
logarithmic circuit which will produce an output, as 
input voltage is increased from zero, is the circuit 
Ln. As Ln saturates. Ln-1 will start to produce an 
output which in turn as it saturates will hand over to 

25 the next stage in the chain and so on until contribu- 
tions are made by all of the logarithmic circuits, 
including the circuit L1. As will be appreciated, a 
smooth logarithmic response is only possible if all 
the stages match up with their neighbours and this 

30 is achieved by adjusting the gain (G) of each 
amplifier, the dc offset (0) supplied to each am- 
plifier and the weighting current (W) supplied to 
each logarithmic stage, which are herein collec- 
tively termed control signals. A typical logarithmic 

35 amplifier may have six stages giving a total of 
eighteen variable control signals. Thus, the prob- 
lem facing the circuit designer, when compensating 
the circuit for temperature variation, is that a signifi- 
cant number of the control signals may require 

40 adjusting in response to temperature variation. 

The problem of temperature compensation can 
however be solved by taking advantage of the fact 
that temperature variations tend to occur relatively 
slowly, particularly when compared to the high 

45 speed capabilities of the bi-polar circuits. To this 
end, the circuit of Figure 1 includes a second 
compensating or calibrating ASIC 21, fabricated 
using combined analogue and digital CMOS tech- 
nology, in preference to providing analogue com- 

so pensating circuits in the bipolar ASIC 17. Tempera- 
ture variations are relatively slow and this allows 
the output from the temperature sensor 20 to be 
sampled and digitised. The compensation ASIC 21 
therefore includes an analogue to digital converter 

55 22 arranged to receive the analogue temperature 
signal from the temperature sensor 20 over a line 
23. The compensation ASIC 21 comprises a cali- 
bration and interface processor 24, having similar 
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processing power to a conventional 8 bit micropro- 
cessor and an output circuit 25, for supplying par- 
allel outputs to the amplifier ASIC 17. In this em- 
bodiment, the calibration ASIC 21 "supplies refer- 
ence signals to the wideband logarithmic amplifier 
16 and to the comparator 19, together with twelve 
temperature compensation signals supplied to var- 
ious parts within the amplifier ASIC 17. 

The calibration and interface processor is ar- 
ranged to respond to increments in temperature of 
approximately one and a half degrees for example 
and for each temperature increment a set of cali- 
bration parameters are read from a non volatile 
memory device 26. The processor 24 uses data 
supplied from the calibration memory 26 to load 
the output circuit 25 with the necessary data, which 
is then supplied continuously to the amplifier ASIC 
17 in analogue form. A typical operating tempera- 
ture range is minus forty to plus one hundred 
degrees Celsius and therefore, the memory device 
26 must be arranged to provide storage for about 
one hundred temperature values for each of its, in 
this example, twelve temperature compensating 
outputs. 

The way in which the performance of a WLVA, 
of the type shown in Figure 2, varies with tempera- 
ture will depend on many factors and two, appar- 
ently identical, circuits produced from the same 
production run may have significant differences 
which affect their performance in applications such 
as direction finding. Each circuit is therefore in- 
dividually calibrated and then loaded with its own 
unique set of calibration values during production. 

Before this production calibration can be per- 
formed an initial design calibration is also required 
to determine which values will actually require 
compensation in the final product In a six stage 
circuit, there are eighteen potential calibration 
points, 0, G and W for each stage. However, in 
practice not all of these require temperature com- 
pensation. Design calibration therefore involves the 
designer determining which of the eighteen param- 
eters are most sensitive to temperature changes 
and selecting those parameters as the parameters 
that will require adjustment during production cali- 
bration. 

The calibration ASIC 24 of Figure 1 provides, 
as previously stated, twelve calibration signals 
which are sufficient for most six stage amplifiers 
and this provides a vast improvement over existing 
production calibration techniques. Furthermore, in 
certain circumstances some of the parameters may 
be very sensitive to temperature in which case two 
of the outputs from the calibration ASIC can be 
used for the same control value, giving coarse and 
fine control and thereby effectively extending the 
control from eight bit resolution to sixteen bit reso- 
lution. 



Thus, after design calibration, the designer can 
determine which of the available calibration points 
0, G and W for each amplifier require temperature 
compensation and can then configure the connec- 
5 tions between the amplifier ASIC 17 and the cali- 
bration ASIC 21 accordingly. 

Production calibration consists of calculating 
calibration parameters (100 x 12 8 bit values) in- 
dividually for each device produced. In conven- 
io tional circuits, calibration of this type would be very 
expensive and time consuming. Thus, not only 
would a designer be losing bandwidth by introduc- 
ing temperature compensation but he would also 
incur high calibration costs. The approach hitherto 
15 has therefore been to concentrate on design cali- 
bration, which is done only once for a design, in 
order to minimise production calibration. In the 
circuit shown in Figure 1, production calibration 
may be easily automated to reduce significantly 
20 component cost Thus, the circuit is subject to 
each of its one hundred operating temperatures 
while a computer program calculates the optimum 
combination of compensation signals for each tem- 
perature. The values of these signals are then 
25 loaded to the calibration memory device 26 and 
this results in a fuily programmed device. 

Circuits can never exhibit absolutely perfect 
characteristics and, in placing calibration under the 
control of a computer program, imperfections in 
30 that program will affect the response of the compo- 
nent. However, an important feature of the dis- 
closed circuit is that components will have very 
consistent characteristics because hardware dis- 
crepancies are compensated by the stored num- 
35 bers. Thus, in direction finding equipment for ex- 
ample, where a plurality of devices are used in a 
system, all the circuits should behave in very simi- 
lar ways so that inaccuracies will cancel out to give 
a very accurate overall performance. 
40 Figure 3 of the accompanying drawings shows 

the external housing for the circuit shown in Figure 
1. The housing or unit includes a plurality of pins 
40 positioned on one side thereof and similarly 
placed sockets (not shown) on the opposite side 
45 thereof. As shown in Figure 4 of the accompanying 
drawings the pins and sockets are positioned to 
enable the pins 40 from one unit to engage with 
sockets in another unit thereby enabling a plurality 
of units to be coupled together. The units can 
so therefore be arranged to receive: power ( + V, 0, -V) 
from a common power supply 28; a common refer- 
ence signal; a common clock signal, and a com- 
mon path for the serial data over link 27. In the 
preferred embodiment up to 16 units may be 
55 connected together with each unit being identified 
by a unique address. This allows a host computer 
to supply operational data to each amplifier circuit 
via its respective processor 24. 
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Reierence signals are supplied to comparator 
19 which are in turn arranged to produce an output 
when the input level exceeds a predetermined 
threshold. The output from comparator 19 may be 
supplied to a DC restore circuit 29 and circuitry 
may also be provided for receiving a biased input 
on a line 30. The detector 15 preferably includes a 
tunnel diode and, in addition to an input being 
supplied on line 31, a reference ground is also 
supplied on a line 32. 

Having thus described the present invention by 
reference to a preferred embodiment it is to be well 
understood that the embodiment in question is 
exemplary only and that modifications and vari- 
ations such as will occur to those possessed of 
appropriate knowledge and skills may be made 
without departure from the spirit and scope of the 
invention as set forth in the appended claims and 
equivalents thereof. 



logarithmic amplifier and compensation signals are 
supplied to a plurality of said stages. 

8. An amplification circuit according to claim 7, 
wherein the gain, offset and weighting current of 

s said amplifier stages are adjusted by said com- 
pensation signals. 

9. An amplification system comprising a loga- 
rithmic amplifier and a temperature sensor inte- 
grated on the same fabrication, and a calibration 

jo circuit for sampling signals from the temperature 
sensor and for generating in response to the sam- 
pled signals compensation data to define param- 
eters which control operation of the amplifier. 

75 



20 



Claims 



1. An amplification circuit comprising detecting 
means (15) for detecting transmitted radio signals 25 
having a frequency in the range 0.5GHz to 20GHz, 

a wideband amplifier (16) for amplifying said de- 
tected signals, and temperature compensation 
means wherein said temperature compensation 
means includes a temperature sensor (20) ar- 30 
ranged to produce a temperature signal indicative 
of the temperature of said amplifier, sampling 
means (22) for sampling said temperature signal, 
means (26) for storing compensation parameters 
and processing means (24, 25) for supplying a 35 
plurality of compensation signals to said amplifier. 

2. An amplification circuit according to claim 1. 
wherein said wideband (16) amplifier and said tem- 
perature sensor (20) are fabricated on a first com- 
mon integrated circuit (17). 40 

3. An amplification circuit according to claim 2, 
wherein said first common integrated circuit is fab- 
ricated using bipolar technology. 

4. An amplification circuit according to claim 1, 
wherein said sampling means and said processing 45 
means are fabricated on a second common in- 
tegrated circuit (21 ). 

5. An amplification circuit according to claim 4, 
wherein said second integrated circuit (21) also 
includes output means for converting digital com- 50 
pensation signals from said processor into ana- 
logue compensation signals for said first integrated 
circuit (17). 

6. An amplification circuit according to claim 4 

or 5, wherein said second integrated circuit (21) is 55 
fabricated using CMOS technology. 

7. An amplification circuit according to claim 1, 
wherein said wideband amplifier is a multi-stage 
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© An amplification circuit comprises a detector (15) 
for detecting transmitted radio signals in the range 
0.5GHz to 20GHz and a wideband logarithmic video 
amplifier (WLVA 16). The WLVA is fabricated on an 
application specific integrated circuit (17) for exam- 
ple with a temperature sensor (20). The output from 



the temperature sensor is supplied to a second ASIC 
(24) which samples the temperature signal and sup- 
plies compensation signals read from a non-volatile 
memory device. 
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